Objectives: To describe the epidemiological, clinical, microbiological characteristics and antimicrobial resistance pattern of Bloodstream infections in Dhahira region, Oman. Methods: Clinical data was collected from all patients with positive blood cultures for two years period. Standard laboratory methods were used for blood culture. Antibiotic sensitivity was tested using Kirby-Bauer disc diffusion method. Results: Of the 360 bacterial pathogens isolated from 348 patients, 57.8% were gram-positive and 42.2% were gram-negative. The common isolates were: Streptococcus species 76 (21.1%), coagulase-negative Staphylococci 75 (20.8%), Escherichia coli 43 (11.9%), Staphylococcus aureus 41 (11.4%). Overall, mortality was 21.3% (74/348). Staphylococcus species (Staphylococcus aureus and CoNS) were more commonly resistant to Trimethoprim/ Sulphamethoxazole (35.3%) and Penicillin (25.9%). Streptococcus species were resistant to Trimethoprim/Sulphamethoxazole (39.1%) and Erythromycin (19.6%). Conclusion: Bloodstream infections are important causes of morbidity and mortality in our patients, especially among chronically ill elderly adult males. Prescription of proven resistant antibiotics to suspected bacteremic patients needs attention in Dhahira region.
Introduction
Identi fication of various organisms in a patient's blood is of immense diagnostic and prognostic importance. Blood cultures are essential in the diagnosis and treatment of the etiologic agents or sepsis. Bacteria and fungal pathogens remain an important cause of Bloodstream infections (BSI). Bacterial pathogens isolated from BSI are a leading cause of significant patient morbidity and mortality. BSI accounts for 10-20% of all nosocomial infections and is the eighth leading cause of mortality (15%) in the United States. [1] [2] [3] The impact of specific etiologic agents on BSI patient outcome is tremendous; BSI increases the mortality rate, prolongs patient stay in an intensive care unit and in the hospital, and increased health care costs. 4, 5 Furthermore, inadequate empirical therapy of bacteraemic infections is associated with adverse outcomes, including mortality. 6, 7 Researchers have observed significant changing trends in the microbiology, epidemiology and clinical as well as prognostic significance of positive blood cultures over a period of time. 3, 5 For these reasons, surveillance of bloodstream infections from blood cultures and their antibiotic resistance patterns are vital to the care of patients and prevention of BSI. Several interventions have proven to be effective. [8] [9] [10] [11] The gradual increase in antimicrobial resistance among pathogens especially in developing countries is a cause of concern. In Dhahira region, most health institutions (especially primary health centers) where advanced laboratory facilities are limited, antibiotics are often used for empirical treatment. It has been observed that inadequate therapy is the common reason for antimicrobial resistance. 12 Hence, information on most likely causative organisms and their resistance patterns can increase the likelihood of selecting an effective antimicrobial drug for empirical treatment. Considering the current worldwide changes, information about the occurrence of pathogens and antibiotic resistance pattern are now seen as decisive for optimizing treatment. 13 The prevalence and antibacterial resistance among bacterial pathogens among populations may vary at national or regional level. Appropriate surveillance data is critical to draw conclusions. Laboratory data of bacterial isolates from patients with BSI provide good setting for such resistance surveillance. The collection of additional information, such as the presumed focus of infection, demographic characteristics of patients and the treatment specialty enhances the usefulness of the microbiological data. 12 Hospitalized patients are at high risk of infection for various reasons. 5 Hence, surveillance of BSI pathogens and their antimicrobial resistance pattern in the hospital is the key to its prevention.
The evidence on epidemiology and resistance pattern among the Bloodstream bacterial pathogens are few in Dhahira region, hence, this study was carried out with the objective to illustrate the epidemiological, clinical and microbiological characteristics of bloodstream bacterial infections and to determine their antimicrobial resistance pattern in Dhahira region, Oman.
Methods
The fully integrated government health services system in Dhahira region virtually provides most medical care to the 207,015 residents. There are two major hospitals (IRRH -Ibri Regional Referral Hospital and BWH-Buraimi Wilayat Hospital) with a network of 17 other primary healthcare facilities in the region. The culture facility was available only in these two major hospitals. This study was a hospital-laboratory record based retrospective study. All patients with suspected septicemia for whom a blood culture test request was made by the different referring specialties were studied for 2 years period ( . This period was chosen because of the availability of the computerized Health Information Management System (HIMS) database during that period. The antimicrobial resistance pattern for the isolated bacterial pathogens from blood cultures was also studied.
Physicians ordered blood culture tests based on the patient's presenting symptoms, typically of septicemia. Blood samples were collected before antibiotic administration and bacterial cultures were done by applying standard microbiology laboratory method. For patients with positive blood culture tests; information on age, gender, bacterial result and antibiotic resistance details was obtained from the HIMS at the two hospitals. Bloodstream infection was defined as isolation of one or more recognized bacteria from blood culture. Death was considered as attributable to BSI if it occurred during the phase of active infection or antibiotic treatment. Klebsiella spp. represents Klebsiella spp. other than Klebsiella pneumoniae. Streptococcus spp. represents Streptococcus spp. other than Streptococcus pneumoniae.
The required blood sample was collected aseptically before the commencement of antibiotic treatment. The Bactec Fluorescent series 9240 (Becton Dickinson, USA) instruments were used for rapid detection of microorganisms from blood samples. The samples were collected in Bactec standard 10 aerobic/F and Bactec plus+/ anaerobic/ F culture vials for aerobic and anaerobic cultures respectively. The bottles were loaded in the Bactec machine within 30 minutes of sample collection. Whenever the machine gave an alert signal, the specific bottle was removed and gram stain and subculture was done on blood agar and MacConkey's agar. The organism was identified by routine bacteriological methods. In case of negative or no alarm; the bottles were kept in the machine for seven days. The negative bottles were subjected to gram stain and subculture before discarding them. 14 Antibiotic sensitivity was done by Kirby Bauer disc diffusion method using Diagnostic Sensitivity Test (DST) agar. This method is more suitable for routine testing in a clinical laboratory where a large number of isolates are tested for susceptibility to numerous antibiotics. An agar plate is uniformly inoculated with the test organism and a paper disk impregnated with a fixed concentration of an antibiotic is placed on the agar surface. Growth of the organism and diffusion of the antibiotic commence simultaneously resulting in a circular zone of inhibition in which the amount of antibiotic exceeds inhibitory concentrations. The diameter of the inhibition zone is a function of the amount of drug in the disk and susceptibility of the microorganism. Standardization and quality control tests were performed using standard strains of E. coli ATCC 25922, P. aeruginosa ATCC 27953 and S. aureus ATCC 25923 as per the recommendation of National Committee for Clinical Laboratory Standards (NCCLS). The data was collected from the hospital database (HIMS). The data was computed in Microsoft Excel 7.0 software and analyzed using Statistical Package for Social Sciences (SPSS version 9). Frequencies and proportions in categorical data were calculated. Appropriate 95% Confidence Intervals (CI) were calculated for prevalence proportional data. Associations between pairs of categorical variables were assessed using chi-squared (X 2 ) tests or Fisher's exact tests, as appropriate. A p value of <0.05 was considered significant.
Results
A total of 7,579 blood cultures were done in Dhahira region during the study period. Approximately 5% (382/7579) of the total samples from 370 patients examined showed positive results for one or more microorganism. Nearly 6% (22/382) of the positive results was contaminants and 94% (360/382) had bacterial pathogens, hence, 360 positive cultures from 348 patients were available for further analysis. Three hundred and thirty seven patients had single (96.8%), 10 had 2 (2.9%) and one had 3 (0.3%) bacterial pathogens isolated from blood culture. Table 1 depicts the general characteristics of blood culture positive patients during the study period. Majority of the patients were from IRRH and adult males admitted in general medicine department. The mean age was 43.5 with wide (31.8) Standard Deviation (SD) and the median age were found to be 49.0 years (range 3 months to 101 years). Nearly 22% of the patients died during the current episode of BSI. Table 3 demonstrates the commonly encountered bacterial isolates and clinical syndromes (according to discharge diagnosis). A large number of our patients were adults and elderly commonly suffering from chronic illnesses like cardiac, respiratory, diabetes, hypertension, hepatitis, central nervous system leading to septicemia. The sickle cell disease patients leading to septicemia were mainly young and Salmonella spp. and S. aureus were the common organisms isolated. Malignancy was associated with 2.8% of the cases and E. coli, Klebsiella spp. and S. aureus were the common organisms. Fever (9.2%) with no apparent source of infection was the most common clinical syndrome associated with E. coli, Enterobacter spp., Klebsiella spp., Salmonella spp. and S. pneumoniae infections. There was one Haemophilus influenzae (H. influenzae) and 2 Neisseria meningitides (N. meningitides) meningitis cases. Acinetobacter spp., Klebsiella spp., P. aeruginosa and S. aureus sepsis was common in 3.3% of the sepsis patients. Table 4 shows the various characteristics of bacterial isolates associated with mortality. The overall mortality rate among the study group was 21.3% (74/348). Nearly 75% (55/74) patients who died during the current episode of BSI were elderly patients (≥60 years) and stayed in Hospital wards. Most of the patients who died had serious underlying chronic medical conditions such as diabetes, neoplasm, respiratory, and cardiac disease and stayed for long time in hospital. The mortality was same among patients with grampositive (50%) and gram-negative organism (50%). Among the organisms associated with the highest mortality were S. pneumoniae (37.5%) and S. aureus (24.4%). Among gram-negative organisms, the following resulted in highest mortality: H. influenzae (100%), N. meningitides (50.0%), Aeromonas spp. (50.0%), E. coli (34.3%), P. aeruginosa (27.3%), Klebsiella spp. (26.3%) and K. pneumoniae (11.1%). Acinetobacter spp. and Enterobacter spp. did not cause any fatalities in our study subjects. There was no gender difference in mortality (X 2 =0.06, p=0.81). Mortality among patients who were 60 years or more was significantly higher when compared to <60 years old patients (X 2 =46.31, p<0.0001).
Oman 1%) . This organism was 100% resistant to Cepharadine. Enterobacter spp. resistance rates to the antibiotics were; Trimethoprim/Sulphamethoxazole (60%), Ampicillin 54.3% and Cepharadine 20%. They were highly sensitive to Amikacin. E. coli were resistant to Trimethoprim/ Sulphamethoxazole (63.6%), Gentamicin (63.6%) and Imipenem (28.6%). They were highly sensitive to Cephalosporins. Klebsiella species including K. pneumoniae were resistant to Ampicillin (71.4%), Trimethoprim/Sulphamethoxazole (35.7%) and Cepharadine (17.9%). Pseudomonas aeruginosa were mainly resistant to Piperacillin/Tazobactam (63.6%), Imipenem (63.6%), Ceftazidime (9.1%) and Ciprofloxacin (9.1%). This organism was highly sensitive to Gentamicin and Amikacin. (Table 6 )
Discussion
The present study broadly illustrates the BSI bacterial spectrum and antimicrobial resistance pattern in Dhahira region, Oman. The observed blood culture positivity rate was 5% which is low compared to the range (10.2-37.1%) reported by other studies. 5, [16] [17] [18] However, in children a still higher prevalence (48.2%) has been observed. 13 The varying proportions may be due to the different methodology used and the area of study, because of the regional variation known to occur. 19, 20 The prevalence may be an underestimate because large number of bloodstream infections may be clinical sepsis and not microbiologically confirmed (blood culture positive). 21 The BSI caused by gram-positive rods like Diphtheroid spp., Bacillus spp. and other gram-positive rods were considered contaminants in the absence of clinical features of sepsis. These could be due to skin contamination at the time of collection or due to contaminated bottles. The contamination of blood culture in our study was 6% which is low compared to studies conducted elsewhere (10.7 and 14.3% respectively). 17, 22 The range of microorganisms that invade the bloodstream has been systematically studied by several researchers. In our study, 57.8% of infections were caused by gram-positive and 42.2% by gram-negative bacteria. Several studies in USA (65 and 25%), Iran (72 and 28%) and UK (66.2 and 31.3%) have shown marginally higher prevalence of gram-positive and lower prevalence of gramnegative organisms respectively. [23] [24] [25] On the contrary, gram-negative organisms have been encountered more often from blood cultures than gram-positive organisms in studies conducted in Iran (42.3 and 42.3%) and Saudi Arabia (62.2 and 33.8%) in that order. 22, 26 In our study, CoNS, Streptococcus spp., S. aureus, E. coli, Klebsiella spp., S. pneumoniae P. aeruginosa, K. pneumoniae, Acinetobacter spp., and Enterobacter spp. were the 10 most common noteworthy bacterial pathogens causing BSI. More or less similar observations have been made in cases of bacteraemia in different countries, however, the proportion and predominance of the organisms varied. 5, 12, 16, 19, 20, 22, 23, [26] [27] [28] The role of CoNS in bacteraemia is divisive. Until the 1970's, coagulase-negative Staphylococci were mainly recognized as a contaminant. Since then, several studies have reported increasing incidence of infections due to CoNS. [29] [30] [31] Similar to our study (4.4%), S. pneumoniae was isolated from 4.0% of blood cultures in an Iranian hospital. This organism is a major and well-known cause of community-acquired infections, but there is increasing interest in its role in the epidemiology of hospital-acquired infection. 32 The P. aeruginosa (3.1%) and K. pneumoniae (2.5%) were less commonly isolated from BSI patients in our study. However, in others, it was commonly witnessed. 16, 27, 28 Only one case of H. influenzae and 2 cases N. meningitides were isolated from blood cultures. Wide use of H. influenzae and N. meningitides vaccine has probably limited their spread in our community.
Chronic disease like cardiac diseases, respiratory diseases and diabetes were the most common presentations (discharge diagnosis) of BSI followed by renal diseases in our study. However, these are the underlying conditions and may not be directly responsible for the infection. Hence, studies to ascertain the cause and origin of infection are needed in our region, which was a limitation of this study. Fever was associated with 9.2% of BSI in our study. However, fever was the most common presentation (26%) among children suffering from BSI. 33 Similar to a Brazilian study the commonly isolated organisms were E. coli, S. aureus and Klebsiella spp. among cancer patients. 34 The resistance of S. aureus and CoNS to commonly used antibiotics such as Penicillin and Gentamicin was low, but Trimethoprim/Sulphamethoxazole resistance was high compared to other studies. 22 Fortunately, S. pneumoniae were highly sensitive to most of the antibiotics tested except Trimethoprim/ Sulphamethoxazole. 26 Staphylococcus aureus was the third most significant isolate constituting 11.4%, and 2.4% of them were due to Methicillin/Oxacillin resistant S. aureus (MRSA) in our study. In opposition, a higher increasing resistance of S. aureus and CoNS to Methicillin, Oxacillin or Nafcillin was observed and the percentage of MRSA rose from 2.4% in 1975 to 29% in 1991 in USA, 35 similarly, Methicillin resistance of S. aureus increased from 4% in 1990 to 42% in 2000 in England and Wales. 12 The MRSA resistance has also been reported to be as high as 56% in Turkey. 17 In this study, Acinetobacter was resistant to most of the tested antibiotics with varying degrees. This organism was 100% resistant to Cepharadine. The antimicrobial resistance levels to Ampicillin, Trimethoprim/Sulphamethoxazole Gentamicin and Imipenem for the gram-negative bacteria like E. coli, Enterobacter spp., and Klebsiella spp., were relatively high. P. aeruginosa were highly resistant to Imipenem and Piperacillin/Tazobactam. Varying degrees of resistance to a range of gram-positive and gram-negative organisms to the commonly used and tested antibiotics have been studied across the world. 12, [16] [17] [18] [19] [20] [22] [23] [24] 28, 33 A wider multicentre study in Oman is considered essential to know the exact range of BSI, their resistance pattern and their trend among Omani population.
In our study, 74 (21.3%) patients died during the current episode of illness. The case fatality varies from country to country, a case fatality of 6%, 36 14.1%, 26 23.4%, 26 25.4%, 17 and 27%, 23 have been reported across the world. This variation can be explained by the characteristics of patients, place of acquisition of infection, microorganism isolated and severity of underlying disease. Underlying diseases, severity of illness and adequate treatment has been significantly associated with death. 17 Similarly, severity of underlying illness was an intrinsic risk factor in another study. 5 Similar to our study, there was no gender difference in the mortality, 26 however, adults >50 years, 26 and age ≤1 or ≥60 years have been significantly associated with case fatality. 5 BSI mortality varies from the place of acquisition of infection and the focus of Infection, hence, studies to describe these parameters are considered necessary in the region. Since BSI is multi-factorial and the exact cause of death was not determined in our study, the mortality data among our study subjects should be interpreted cautiously.
Mortality due to gram-positive bacteria (50%) was similar to gram-negative organisms (50%). On the other hand, gram-positive organisms were less commonly associated with mortality than that of gram-negative organisms elsewhere. 17, 26 The overall mortality was less (6.7%) among cancer patients compared to a study in Brazil (25%). 34 It is apparent that surveillance programs are necessary to identify changes in the spectrum of microbial pathogens, risk factors causing them and to monitor trends in antimicrobial resistance patterns and to implement appropriate measures in nosocomial and community-acquired BSI. 20, 28, 37 Pathogen frequency and resistance patterns may vary significantly from country to country and also in different hospitals within a country. Thus, national or regional or at the hospital level surveillance programs are essential to guide therapy and infection control measures. 28, 37, 38 The laboratory has an important role to play in detecting BSI and in infection control measures. 5 Proper identification and accurate reporting of identified organism and antibiotic sensitivity pattern is critical, since, nearly 16% antibiotic sensitivity identification errors and 38% judged inappropriate reporting episodes have been reported. Accurate reporting influences the clinician's choice of antimicrobial therapy and interns the patient's outcome. 39 Thus, efforts should therefore be concentrated on training staff on collecting blood from patients using aseptic precautions. Antibiotic resistance bacteria will continue to challenge care for patients with BSI. Therefore, it is important to take infection control measures to limit the spread of resistance in microorganisms and to reduce the rate of infections through surveillance.
Conclusion
BSI was an important cause of morbidity and mortality in our patients especially among chronically ill elderly adult males. Coagulase-negative staphylococcus, Streptococcus spp., S. aureus and E. coli were the most important bacterial pathogens causing BSI in Dhahira region. Prescription of Trimethoprim/ Sulphamethoxazole, Ampicillin, Cepharadine, Penicillin, Gentamicin and Amoxicillin/Clavulanic acid to bacteremia patients needs attention. It also necessitates establishment of BSI and antimicrobial resistance surveillance system in the region. Studies to determine the source of infection and risk factors associated with BSI are further considered necessary and the current study provides the baseline for such future studies.
